factor receptor 2 (HER2)-positive advanced breast cancer. Still, despite these advances in targeted therapies, cytotoxic chemotherapy remains a cornerstone in the treatment of advanced disease.
Introduction
Metastatic breast cancer is a chronic disease which is treatable but still generally not curable [1] . In the last decade, there have been substantial advancements due to the increasing use of targeted therapies in estrogen receptor-or human epidermal growth of breast cancer, the concept of dose-dense chemotherapy received increasing attention. Dose-dense chemotherapy increases the dose intensity of the regimen by delivering standard-dose chemotherapy at shorter intervals between cycles.
The theoretical basis of dose-dense chemotherapy is the Gompertzian model of breast cancer growth [5] . It postulates that the doubling time of breast cancer is not constant but rather increases with increasing tumor size, up to a certain volume. Thus, the Norton-Simon model predicts that the best way to destroy a heterogeneous mix of cancer cells is to eradicate the numerically dominant, faster growing cells first, followed by eradication of the more slow-growing resistant cells, leading to the concept of sequential therapy [6] . Additionally, reducing the time available for tumor regrowth (increasing dose density) may have a greater impact on clinical outcome than dose escalation. This finally led to the concept of dose-dense chemotherapy which is now commonly used in early breast cancer. In comparison to the abundant evidence on dose-dense chemotherapy in early breast cancer [7] , trials using dose-dense chemotherapy requiring granulocyte-colonystimulating factors (G-CSF) to hasten hematopoietic recovery are scarce in advanced breast cancer. In a randomized phase II study, Fountzilas et al. [8] failed to demonstrate a significant difference in overall response rate (55 vs. 42%; p = 0.10) between dose-dense sequential administration of epirubicin and paclitaxel compared with combination chemotherapy every 3 weeks, even though the sequential treatment resulted in a significantly higher complete response rate (21.5 vs. 9%; p = 0.02). Time to progression (TTP) and OS were similar. In an attempt to compare both possibilities of increasing dose intensity, namely dose escalation or dose density, another randomized phase II study assessed the efficacy and safety of the 2 different approaches. The authors compared epirubicin 110 mg/m 2 combined with paclitaxel 200 mg/m 2 every 21 days and epirubicin 75 mg/m 2 combined with paclitaxel 175 mg/m 2 every 10 days, both supported with G-CSF in patients with advanced breast cancer [9] . Response rates (75 vs. 70%), progression-free survival (PFS) (6 vs. 7 months), and OS (16 vs. 14 months) were comparable between the 2 treatment arms. Grade 3/4 toxicities were higher in the dose-escalated compared to the dose-dense arm (39 vs. 29%). The authors concluded that the dose-dense regimen seemed to be the preferred schedule due to fewer side effects. However, phase III trials of dose-dense chemotherapy with G-CSF support in the advanced breast cancer setting are missing. Due to this important limitation, dose-dense regimens given every 2 weeks and requiring G-CSF support do not play a relevant role in the treatment of metastatic breast cancer.
However, dose density can be increased by further shortening the time intervals between cycles. If the time interval is reduced to 1 week, a disproportionate reduction in chemotherapy dosage increases drug intensity. This concept allows for abandonment of G-CSF with at least sustained efficacy. What makes this idea particularly promising in metastatic breast cancer is the fact that less toxicity should lead to improved quality of life which is a central goal in the treatment of advanced disease.
Weekly Schedules
Seidmann et al. [10] evaluated weekly 1-h infusions of paclitaxel in 16 pretreated patients with metastatic breast cancer. Paclitaxel was administered weekly at a starting dose of 100 mg/m 2 continuing until disease progression or onset of intolerable toxicity. No episodes of febrile neutropenia or acute hypersensitivity reactions were noted. However, some degree of cumulative peripheral neuropathy was observed in 3 patients. 6 patients obtained either a partial or a complete response, 4 had a minor response, and 5 patients showed stable disease. The authors concluded that despite the potential neurotoxicity, the high therapeutic index, manageable toxicity, and convenient administration schedule made this weekly dose-dense regimen an attractive treatment alternative for patients with metastatic breast cancer. Building on these promising early results, this group of researchers reported a phase II study with 30 patients with metastatic breast cancer receiving sustained weekly paclitaxel therapy at an initial dose of 100 mg/m 2 until disease progression [11] . The overall response rate was 53% with median response duration of 7.5 months. Again, febrile neutropenia was not observed, and only 2 cases of grade 3 neutropenia were reported. These promising results led the authors to conclude that weekly therapy should be considered as a current clinical option for patients with metastatic breast cancer and should be incorporated into future comparative clinical trials. Indeed, numerous largely small trials were undertaken to examine the efficacy and side effects of weekly paclitaxel. Lück and Roché [12] reviewed those early trials showing response rates of up to 86% with single-agent therapy and up to 87% with combination therapy. In a multicenter phase II trial, Perez et al. [13] treated 212 metastatic breast cancer patients with weekly paclitaxel. Up to 2 prior chemotherapy regimens for metastatic disease were allowed. Paclitaxel 80 mg/m 2 was administered weekly for 4 weeks per 4-week cycle. The overall response rate was 21.5%, with 41.8% of patients having disease stabilization. Median TTP was 4.7 months, and OS was 12.8 months. 9% of patients developed grade 3 neurotoxicity. Patients 65 years of age had an equivalent overall response rate and no greater incidence of toxicity compared with younger patients. Quality of life was maintained relatively well in patients treated with weekly paclitaxel. All in all, therapy was well tolerated and demonstrated reasonable activity in pretreated patients with advanced disease. Finally, a phase III study of weekly paclitaxel was published [14] . Patients with metastatic breast cancer were randomly assigned to paclitaxel 175 mg/m 2 every 3 weeks or paclitaxel 80 mg/m 2 weekly. HER2-positive patients received additional trastuzumab; HER2-negative patients were randomly assigned for trastuzumab in addition to paclitaxel. Therapy was continued until disease progression or limiting toxicity. 735 patients were finally analyzed. The response rate was 42 vs. 29% (odds ratio (OR) 1.75; p = 0.0004), median TTP was 9 vs. 5 months (HR 1.43; p < 0.0001), and median survival was 24 vs. 12 months (HR 1.28; p = 0.0092). For HER2-negative patients, trastuzumab did not improve efficacy. Grade 3 neuropathy was more common with weekly dosing (24 vs. 12%; p = 0.0003). This large phase III trial confirmed the superior effiSchmidt Breast Care 2016;11:22-26 24 cacy of dose-dense weekly paclitaxel with neurotoxicity as treatment-limiting toxicity.
Surprisingly, this superiority of weekly administration was not seen for docetaxel [15] . In their phase III trial, metastatic breast cancer patients treated with docetaxel every 3 weeks had a higher response rate but experienced similar PFS and OS and more pronounced toxicity as compared to patients who received weekly docetaxel.
A potential advancement of taxane-based therapy comes in the form of nanoparticle albumin-bound (nab)-paclitaxel. In a phase III trial, nab-paclitaxel demonstrated a significantly higher overall response rate, significantly longer TTP, and significantly greater OS in metastatic breast cancer patients treated with second-line or greater therapy compared with patients who received conventional paclitaxel every 3 weeks (q3w) [16] . Building on these encouraging results, Gradishar et al. [16] compared in a phase II trial nab-paclitaxel 300 mg/m 2 q3w, 100 mg/m 2 weekly, or 150 mg/m 2 weekly, or docetaxel 100 mg/m 2 q3w. This trial demonstrated superior efficacy and safety of weekly nab-paclitaxel compared with docetaxel in 302 patients with metastatic breast cancer in the first-line setting. The disease control rate was significantly higher for patients receiving weekly nab-paclitaxel compared with docetaxel. Grade 3/4 fatigue, neutropenia, and febrile neutropenia were less frequent in all nab-paclitaxel arms. Frequency and grade of peripheral neuropathy were comparable. Again, these findings point to an increased efficacy for dose-dense weekly application of taxanes.
Clearly, the concept of dose density in metastatic disease applies to anthracyclines also. Epirubicin as well as doxorubicin on a weekly basis achieved responses with a good safety profile [17] . However, one has to keep in mind that a substantial proportion of breast cancer patients will already have received anthracyclines in the adjuvant setting, and the well-documented cumulative cardiotoxicity of anthracyclines is an issue in the advanced setting when thinking about conventional dose-dense anthracyclines. A possible approach to circumvent this problem of cumulative cardiotoxicity is the use of pegylated liposomal doxorubicin (PLD) which was effective and well tolerated without cardiac events in patients with metastatic breast cancer who had received prior adjuvant anthracycline-containing chemotherapy [18] . Considering dose density, PLD was shown to be effective with little side effects when used dose-dense and bi-weekly (20 mg/m 2 ) in elderly patients with advanced breast cancer [19] . Most importantly, no cardiac events were registered in this study. Using a similar dose-dense schedule, Munzone et al. [20] reported a clinical benefit rate of 45% without any cardiac events in 52 patients with advanced breast cancer.
Metronomic Schedules
For practical reasons, it is not feasible to shorten the time interval between chemotherapy cycles to below 1 week in infusion regimens. However, if using oral chemotherapy, daily administration is feasible and convenient for the patient. In recent years, this concept of so-called low-dose metronomic chemotherapy received increasing attention in advanced breast cancer [21] . Metronomic chemotherapy was shown to induce disease control in patients with advanced-stage breast cancer with a low incidence of adverse events and a good safety profile. In a recent systematic review, Montagna et al. [22] underlined that metronomic chemotherapy compromises the repair process of endothelial cells, leading to an anti-angiogenic effect. In addition to this anti-angiogenic action, metronomic chemotherapy could exert an immunological effect through restoration of the anticancer properties of the immune system and induction of tumor dormancy. The authors concluded that metronomic chemotherapy in metastatic breast cancer has a low toxicity profile with good efficacy, and also has potentially significant advantages with regard to healthcare costs.
The backbone of metronomic regimens in advanced breast cancer is cyclophosphamide, given mostly at a fixed dose of 50 mg daily. A comparative analysis showed absent or moderate hematologic and intestinal toxicity of metronomic as opposed to maximum-tolerated-dose chemotherapy [23] . Low-dose metronomic chemotherapy is usually given over a prolonged period of time. Because of this, it could be suspected that altered pharmacokinetic characteristics due to long-term drug exposure might potentially result in acquired resistance and increased risk of unfavorable drug interactions. However, it was shown in a comprehensive preclinical pharmacokinetic and pharmacodynamic study that exposure of mice for 8 weeks did not compromise subsequent activity of metronomic chemotherapy [24] .
Numerous combination partners of metronomic cyclophosphamide have since been investigated in breast cancer, mostly in phase II trials. A combination of metronomic cyclophosphamide with oral methotrexate showed promising results in heavily pretreated advanced breast cancer patients with a clinical benefit rate of 31.7% and only scarce toxicity [25] . In further studies of this group, metronomic cyclophosphamide and methotrexate were combined with thalidomide. This combination failed to improve clinical efficacy. However, metronomic cyclophosphamide and methotrexate achieved in this study an impressive clinical benefit rate of 41.5% with a median TTP of 3.8 months [26] . A combined analysis of these 2 trials showed that metronomic chemotherapy administered for a prolonged time was feasible and provided long-term clinical benefit in a clinically significant proportion of patients, without significant toxicity despite prolonged use [27] . Furthermore, a comparative pharmacoeconomic evaluation showed that low-dose metronomic chemotherapy was a cost-effective/cost-saving therapy for palliative treatment of metastatic breast cancer patients [28] .
The main targets of low-dose metronomic chemotherapy are the endothelial cells of the growing vasculature of a tumor, making it an anti-angiogenic therapy [29] . In vitro results were consistent with the notion that continuous low-dose therapy with various chemotherapeutic drugs might have a highly selective effect against cycling vascular endothelial cells. This in turn might be relevant for the use of continuous or frequent administration of low doses of certain chemotherapeutic drugs as an optimal way of delivering anti-angiogenic therapy [30] . Taken together, the anti-angiogenic basis of metronomic chemotherapy involves the growth arrest or apoptosis of activated endothelial cells in the tumor vasculature, sustained suppression of mobilization of endothelial progenitor cells, and the induction of endogenous inhibitors of angiogenesis such as thrombospondin-1 [31] .
Because of these clearly demonstrated anti-angiogenic properties of low-dose metronomic chemotherapy, combination with other agents targeting angiogenesis seems a promising concept. Indeed, the combination of metronomic chemotherapy (daily lowdose cyclophosphamide + capecitabine) with bevacizumab proved highly efficacious in heavily pretreated advanced breast cancer patients. A phase II trial showed in 46 patients a clinical benefit rate of 68% and a median TTP of 42 weeks with a mild toxicity profile [32] . Higher baseline levels of circulating endothelial cells were correlated with improved outcome.
In addition to the well-documented anti-angiogenic properties of metronomic chemotherapy, reduction of regulatory T cells (Tregs) might contribute to the beneficial effects of metronomic chemotherapy containing cyclophosphamide [33] . Therefore, metronomic cyclophosphamide does not only affect tumor angiogenesis but also strongly weakens immunosuppressive Tregs, promoting better control of tumor progression. Because of the unfavorable influence of Tregs on breast cancer, strategies to reduce this T cell subset in breast cancer patients are important. Indeed, metronomic cyclophosphamide in advanced cancer patients induced a profound and selective reduction of circulating Tregs, associated with suppression of their inhibitory functions on conventional T cells and natural killer cells leading to a restoration of peripheral T cell proliferation and innate killing activities [33] . Importantly, only low doses of cyclophosphamide could achieve a selective Treg depletion, while higher doses induced a profound decrease in the number of circulating lymphocytes, an effect observed on all lymphocyte subpopulations without any selective activity on Tregs [33] . Interestingly, in a small exploratory study investigating 12 patients with metastatic breast cancer treated with metronomic cyclophosphamide 50 mg daily, Treg depletion coincided with a strong increase in breast tumor-reactive T cells (p = 0.03) [34] . Tumor-reactive T cells but not Tregs correlated with disease stabilization (p = 0.03) and OS (p = 0.027).
Taken together, these data suggest that metronomic chemotherapy is an effective and feasible therapeutic option for advanced breast cancer. Clearly, other oral drugs with proven efficacy in advanced breast cancer like capecitabine or oral vinorelbine are also promising candidates for metronomic therapy.
In a phase II trial, 60 patients with metastatic breast cancer received continuous metronomic capecitabine monotherapy (1,500 mg once daily) [35] . The clinical benefit rate was 62%. Median TTP and OS were 7 and 17 months, respectively. Tolerability was excellent with little side effects. Oral vinorelbine was also tested in a metronomic schedule for the first-line treatment of elderly patients with metastatic breast cancer [36] . In this study, 34 patients (median age 74 years) were treated with oral vinorelbine at 70 mg/m 2 , fractionated on days 1, 3, and 5, 3 weeks on/1 week off, every 4 weeks. 2 complete and 11 partial responses were noted. PFS was 7.7 months and OS 15.9 months. In their conclusion, the authors underlined that this well-tolerated regimen merits further investigation in combination with other chemotherapy agents. Thus, a reasonable next step in the development of metronomic regimens in metastatic breast cancer could be the combination of oral vinorelbine and capecitabine.
Indeed, in a phase I trial enrolling 36 patients with advanced breast cancer, the combination of oral metronomic vinorelbine with capecitabine was examined. The recommended maximum tolerated doses were vinorelbine 60 mg every other day and capecitabine 1,250 mg/m 2 days 1-14 every 21 days. This trial showed that this metronomic combination was a well-tolerated and feasible regimen with 2 complete and 10 partial responses documented [37] . In the phase I/II VICTOR-1 study, the combination of metronomic vinorelbine thrice weekly and capecitabine 500 mg thrice daily was investigated [38] . The dosage of vinorelbine could be increased up to 40 mg thrice weekly. 31 patients evaluable for efficacy had a clinical benefit rate of 58.1%. This combination comes close to the original concept of metronomic and dose-dense chemotherapy with capecitabine administered daily. However, oral vinorelbine is given only thrice per week. Bearing this in mind, this schedule is not truly metronomic in the narrower sense.
In an effort to further develop the dose-dense potential of truly metronomic oral vinorelbine, the breast cancer study group of the Arbeitsgemeinschaft Gynäkologische Onkologie (AGO-B) is planning the VinoMetro trial in metastatic breast cancer. In this multicenter phase II trial, patients with metastatic hormone receptorpositive and HER2-negative breast cancer resistant to endocrine therapy will be enrolled and treated with oral vinorelbine administered at a daily dose of 30 mg without breaks. The primary objective is the clinical benefit rate at 24 weeks after start of treatment. A comprehensive translational research program investigating antiangiogenic and immunomodulatory effects of this metronomic schedule is accompanying this trial.
In conclusion, the concept of dose density has an important role in the treatment of metastatic breast cancer. Since the therapeutic goals in metastatic breast cancer inevitably differ from those in early breast cancer, increasing attention is directed towards less toxic, albeit effective, weekly or even metronomic regimens. This in turn should lead to an improved therapeutic index in this chronic disease.
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